We have performed a complete resonant x-ray scattering (RXS) study at the Mn K-edge of LaMnO 3 . (h 0 0), (0 k 0) and (0 0 l) reflections with h, k and l=odd, were measured between 10 and 300 K. We observed strong resonant peaks at the three types of reflections. They exhibit dipolar character with a change of the light polarization plane from σ to π. The azimuth angular dependence of all these reflections showed a characteristic sine evolution of π-period. The energy dependence of the scattered intensity for (h 0 0) and (0 k 0) reflections was identical while different structures were observed for the (0 0 l) reflections. We did not observe any change either on the resonance intensity or on the shape when crossing the Néel temperature T N ∼ 140 K. All resonances seem to be decoupled from the magnetic ordering and this is true even for (0 0 l) reflections, which correspond to the magnetic ordering direction. The tensor analysis indicates that the azimuth behavior of these reflections is reproduced by considering the crystallographic octahedral tilts.
INTRODUCTION
LaMnO 3 is the mother material of the colossal magnetoresistance manganites [1] . The proposed orbital degree of freedom in manganites is believed to be originated by the singly occupied degenerate e g states of the Mn 3+ due to the octahedral ligand field and the strong Hund´s coupling. This orbital degeneracy makes the Mn 3+ ion Jahn-Teller active: the degeneracy is split by tetragonal distortion of the surrounding oxygen octahedron.
At room temperature, stoichiometric LaMnO 3 is a paramagnetic insulator with orthorhombic perovskite structure (space group Pbnm [2] ). In this structure, alternating long and short Mn-O bonds lie in the ab plane along the Mn-O-Mn path. This kind of arrangement is the signature of orbital ordering (OO) which is established owing to the cooperative JahnTeller effect. A-type antiferromagnetism below T N = 140 K was explained as arising from this orbital ordering [3, 4] . LaMnO 3 undergoes a structural phase transition at T JT = 750 K above which the orbital ordering disappears [5, 6] . This transition is accompanied by an abrupt change in the electrical resistivity, thermoelectric power and Weiss constant [7] .
Forbidden reflections arising from the Anisotropy of the Tensor of Susceptibility (denoted as ATS reflections [8] ) in resonant conditions have been measured by Murakami et al. [9] in LaMnO 3 . These experiments have been considered as the experimental proof for OO despite the resonance is mainly originated by the Mn anisotropic local structure and not by d-orbital ordering [10] .
In the present work, we re-investigate several symmetry forbidden reflections, (3 0 0), (5 0 0), (0 3 0) and (0 5 0) by means of RXS at the Mn K-edge. We have also measured selected reflections related to the antiferromagnetic ordering such as (0 0 3) and (0 0 5). We will show that the anisotropy of the anomalous atomic scattering factor is three-fold instead of twofold as previously assumed from an ionic d-orbital ordering. Both the temperature evolution from 10 K up to room temperature and the azimuth dependence were studied. We note that magnetic ordering has no influence in the observed resonant signals.
EXPERIMENTAL
Single crystals of LaMnO 3 were grown by the floating zone method at our home laboratory (ICMA, Zaragoza, Spain). Two crystals were cut and polished to either a (1 0 0)/(0 1 0) or (0 0 1) flat surfaces. Characterization of the crystals was made by means of x-ray powder diffraction and magnetic susceptibility. The RXS experiments were performed at the magnetic scattering undulator beamline ID20 at the European Synchrotron Radiation Facility (ESRF, Grenoble, France). A double crystal Si(111) monochromator was used. The energy resolution was about 1 eV and the incoming beam is linearly polarized (σ). The energy dependence of the diffracted intensity was recorded through the Mn K-absorption edge. Azimuth dependence was measured by rotating the sample around the diffraction vector. The polarization analysis was performed using a Cu (220) analyzer, so that the scattered beam was resolved into the respective σ-σ' and σ-π' polarization channels.
The temperature evolution of the studied reflections from 10 K up to room temperature was also measured.
RESULTS AND DISCUSSION
The six studied reflections are forbidden by symmetry for Thomson scattering. However, a strong resonance is observed at energies close to the Mn Kedge for the three different kinds of reflections as it is shown in Fig. 1 . Polarization analysis of the resonant scattering at these reflections only shows intensity for the σ−π´channel. We have also measured the temperature dependence of the integrated intensity at the energy and azimuth angle where the intensity is maximum for each of these six reflections. The temperature ranges between 10 K and room temperature and then, the possible relationship with the magnetic ordering has also been investigated (T N = 140 K). Fig. 2 reveals that the intensity of the reflections remains nearly constant for the whole temperature range showing the nondependence of the resonant scattering on the magnetic ordering. This result is particularly significant for the (0,0,odd) reflections because the antiferromagnetic ordering presents the same periodicity. These results are in contrast with those reported by Murakami et al. [9] , who observed an increase of the resonant intensity at low temperatures for the (300) reflection. . Using these symmetry operators, the structure factor tensors F 1 and F 3 have only one non-zero component each, respectively, F xy and F yz . We can deduce from this analysis that these two distinct reflections give information on different off-diagonal components of the atomic anomalous scattering tensor indicating that the anisotropy of the Mn atom needs more than one direction to be completely described.
We have performed a numerical calculation of the structure factor tensor by using two different codes: FDMNES [11] and MXAN [12] programs. In a first approach, we have used just a MnO 6 cluster. We have got a good qualitative agreement with the experiment though the two resonances appear at almost the same energy, not in keeping with the experimental results. We have also performed a calculation using a cluster of 63 atoms, up to 5.75 Å, which is shown for the two reflections in Fig. 3 . In this case, the agreement is better and the two reflections appear slightly shifted in energy similar to the experimental spectra, as shown in Fig. 1 . It is worth emphasizing that using an uniaxial anisotropy similar to the description in terms of OO, the agreement is very poor and calculations do not reproduce the experimental results. Therefore, this experimental and theoretical study shows that: i) There is no coupling between magnetism and resonant scattering in LaMnO 3 at (odd,0,0), (0,odd,0), and (0,0,odd).
ii) The three components of the diagonal anomalous scattering factor tensor are different showing three main principal axes for the anisotropy instead of two as it would be approximated by considering a JahnTeller distortion of the MnO 6 octahedron. iii) A bigger cluster than a simple MnO 6 distorted octahedron must be considered. This implies that the description of the ordered p empty states must include the states of atoms beyond the first oxygen neighbors.
